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Abstract 
The formation of science concepts is shaped from birth. Some concepts are formed at pre-school age as preconceptions. These 
preconceptions fundamentally affect continuous education, which is why the formation of these concepts is an important 
educational objective for pre-school education in families and kindergartens. Simple experiments implemented into playing and 
games have an important role in the formation of science concepts. The study presents the research results of the development of 
appropriate educational methods. Design-based research was used. Specific examples of simple experiments implemented into 
playing and games, which can help to form concepts in pre-school science education, are presented.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Science concepts are formed gradually from birth. Children have cognitive needs which motivate them to 
recognize themselves and the world around them actively (Garson, 2002). Some science phenomena are perceived 
by children during the prenatal period - (sound - mother´s voice). Abstract scientific concepts cannot be shaped fully 
in childhood because of the gradual development of the brain. According to developmental psychology abstract 
thinking is not developed until children are aged approximately between 10 and 12 years. The basic method of 
forming these concepts is inquiry through all their senses. Before that age children perform mostly simple (often 
unconscious) observation and experimentation with objects in their surrounding and with their own bodies. Children 
explore the world around them by objects (e.g. toys like blocks, balls, etc.) by touch (hands, mouth) and they explore 
them by sight, hearing and taste. Children come across various objects of different characteristics. In the beginning 
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exploration of characteristics such as shape, size, colour, hardness, etc. prevails. It is necessary to analyse which 
characteristics are explored by the child, how and when. This is the origin of children's first notions of the world 
gradually arising in their consciousness and called preconceptions. These preconceptions may be correct (scientific) 
if they correspond with scientific explanation. Unfortunately, there are also false preconceptions (unscientific), 
called misconceptions. Preconceptions and in particular misconceptions significantly affect the formation of 
scientific concepts, therefore it is necessary to pay attention to them. 
When forming scientific concepts, observation and experimentation play an essential role (Bilek, Doulik, & 
Skoda, 2011). According to Maslow's theory of cognitive needs and other theories of developmental psychology, we 
must take into account that children´s cognitive needs are not fully developed, so it is necessary to use additional 
motivation, especially in terms of meeting children´s needs for play. 
A specific role is played by a simple experiment (Haury & Rillero, 1994). The simple experiment should be set in 
children's relaxing play time and/or competitive games for motivational reasons. Therefore this study focuses on the 
role of simple experiments in the form of toys in the formation of scientific concepts in pre-school formal and 
informal education. 
2. Rationale 
When observing and experimenting, children soon get to know the characteristics of objects, such as shape and 
size. At the same time they begin to create the first notions (simple concepts) of space, thanks to the mutual position 
of objects. It is necessary to examine how children create the concept of the shape and size of objects. Using the 
methods of observation and interviews with children´s parents and teachers at kindergartens (in 2011-2014), we 
concluded that through observation and experimentation (manipulation) with objects of different shapes and sizes 
children found out that the shape and size were important characteristics of these objects. We can assume the 
correctness of the hypothesis that if children lived in an environment with objects of the same shape and size (e.g. 
the same plastic balls), they would hardly develop the concepts of shape and size. 
In addition to the characteristics of objects (shape, size, colour, hardness, etc.) pre-schoolers acquire the basic 
knowledge of the characteristics of substances. Children have difficulty in distinguishing between substances and 
objects. The concept of substances is much more abstract and children do not understand it fully until much later. 
Again, we need to build children´s awareness of substances on simple experiments and play/games. 
Children connect their preconceptions about the characteristics of objects and substances and create 
preconceptions about quantities and natural phenomena. This leads to the formation of the laws of natural 
phenomena. They are the most important scientific concepts. If children understand these laws in the future, they are 
able to apply them in further studies and in life. This leads to the science literacy of students. Play and games play 
an important role for young children within pre-school education. Play and games can be defined as free activities of 
a child or group of children. The topics of play and games are issues of children´s interests and the meaning is often 
based directly in the game or playing. Play and games are different from everyday activities by distinctive rules and 
features, such as competing and identification. Play and games bring the satisfaction of needs, enjoyment, 
entertainment and also some knowledge and experience for players. Since birth playing and games are unique 
natural activities that are necessary for the complex personality development. These activities are enjoyed by 
children very much and create the basis of life. 
Play and games contain features of both entertainment and education (Nemec & Trna, 2007). Therefore we can 
use the term “edutainment” as a combination of these two terms. The edutainment activities are not directly linked to 
the rules of specific playing or games. The edutainment activities are entered into by children directly and are 
motivated only by children´s wish to enjoy themselves (Singhal, Cody, Rogers, & Sabino, 2003). But children obtain 
some experience and thus, unconsciously, they are being educated. 
3. Research question and methods 
We aimed to find appropriate educational methods and tools for the formation of concepts in pre-school science 
education. Our research question was:  
Which methods and tools can support the formation of concepts in pre-school science education? 
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We used design-based research (Reeves, 2006) as a development research method which can be described as a 
cycle: analysis of a practical problem, development of solutions, evaluation and testing of solutions in practice, and 
reflection and production of new design principles (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Design-based research (according to Reeves, 2006). 
In our case the individual steps are in the following form: 
(1) Analysis of practical problems: we identified the existing problems in the formation of science concepts in 
pre-school science education.  
(2) Development of solutions with a theoretical framework: we created a method of the formation of science 
concepts by the use of simple experiments implemented in play and games.  
(3) Evaluation and testing of solutions in practice: science teachers used action research as their core method for 
testing simple experiments in play and games.   
(4) Documentation and reflection to produce “Design principles”: the final stage of our research was the 
documentation and establishment of design principles for the formation of science concepts by the implementation 
of simple experiments into play and games. 
4. Research results and discussion 
We discovered educational methods and tools containing simple experiments in play and games. Children can use 
observation and experimentation of natural phenomena in the frame of play and games. Appropriate simple 
experiments in play and games can help correct the gradual formation of science concepts (Abrahams & Millar, 
2008). Our design-based research brought up a lot of interesting outcomes. We are trying to present the main 
findings, which were divided into four parts, in accordance with the four phases of design-based research. 
4.1. Analysis of practical problems 
The first phase of our design-based research was the analysis of problems connected with the formation of 
concepts associated with object characteristics. We chose the shape and size of objects for our research. Children 
form their ideas by experimenting with objects of a different shape and size. We conducted research into the design 
and functionality of toys as a suitable method for the analysis of practical problems. We performed a comparative 
analysis of 150 toys (in 2014), which were created for children's activities and were offered in e-shops. We 
identified the following basic types of toys forming children´s ideas of the shape and size of objects: 
Flat shape of objects: These toys usually have the form of a flat matrix with various shapes cut in it. The children 
try to insert flat objects of appropriate shapes into the matrix holes. To motivate the children more the inserted 
objects can represent animals, cars (Figure 2) etc. They can also fall into a container (Figure 3). 
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Figure 2. Inserting objects into the matrix. 
 
 
Figure 3. Inserting objects into the container. 
Size of objects: These toys are made as a set of identically shaped objects differing in size. The children insert the 
smaller objects into the larger ones step by step (Figure 4). The motivational effect is increased by objects shaped as 
figures etc. 
 
 
Figure 4. Set of objects of different sizes. 
 
Colour of objects: The children identify and distinguish the colour of the objects. There is a wide range of toys 
helping the formation of the concept of colour and they are based on colour differences or uniformity. One type is a 
2343 Eva Trnova and Josef Trna /  Procedia - Social and Behavioral Sciences  197 ( 2015 )  2339 – 2346 
set of objects of the same shape and size (blocks, balls), which differ in colour (Figure 5). The children's task is to 
identify the individual colours and choose the object of the specified colour. Another type of toys leads to grouping 
objects of the same colour (Figure 6). 
 
 
Figure 5. Objects of different colours. 
 
 
Figure 6. Grouping of objects with the same colour. 
Combination of object characteristics: Further development of the formation of concepts such as object shape, 
size and colour is supported by a variety of toys (Figure 7). 
 
 
Figure 7. Colourful blocks of different shapes. 
4.2. Development of solutions with a theoretical framework  
The principle of design-based research is the development of new solutions. We focused on the concept 
formation of substance characteristics. Each substance has its specific characteristics. The concept of substance 
characteristics can be shaped with children similarly to object characteristics. Through observation and simple 
experimentation children classify substance characteristics using a combination of their sensory perceptions. We 
developed a set of experiments for the concept formation of substance characteristics, which were implemented in 
play and games. Here are examples of the use of balls as toys: 
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The characteristics of substances examined by touch: Firstly, children touch objects made of different materials: 
glass, wood, paper, plastic, metal, ceramic, rubber and others. Different toys or objects of daily use or simple objects 
of the same shape and size such as balls are suitable. The children became familiar with a set of equally sized balls 
made of various substances (Figure 8). They touched the balls and looked at them while the teacher was describing 
the substance characteristics (a rubber ball is elastic etc.). Then we put the balls into a bag. The game included the 
task to identify the ball made of a specified substance only by touch, take it out of the bag and verify the correctness 
of the choice. 
 
 
Figure 8. A set of balls made of different substances. 
Substance characteristics examined by more than one sense: We can examine through more than one sense 
(sight, hearing, touch), for example the elasticity of substances the balls are made of. The children drop balls made 
of different substances from the same height on the table (floor). According to the type of the substance, the balls 
behave differently after the fall. Rubber balls are appropriate as toys, because they are very elastic and they bounce 
well. 
4.3. Evaluation and testing of solutions in practice   
An important phase of the design-based research is the evaluation and testing of solutions in practice. Over the 
long term, the cooperating teachers at kindergartens verified simple experiments that can be used in the formation of 
concepts associated with natural phenomena (Trnova & Krejci, 2014; Kires & Jesková, 2009). These examples 
present the use of balls - toys in different areas of science: 
Accelerated, decelerated and uniform motion; free fall: We put a ball into a trough or tube (e.g. plastic electrical 
conduit or plastic tube). When we lean the trough (tube), the ball starts accelerated motion. We roll the ball on a flat 
table. Friction causes decelerated motion. We drop the ball on the table to demonstrate free fall. 
Inertia: We roll a bigger and heavier (steel, glass) ball on a smooth horizontal table. The ball keeps the direction 
and speed of its motion.   
Surface tension: We put glass balls carefully into a glass of water filled to the brim. The surface tension causes 
the water surface to arch. The children can compete for the biggest number of balls dropped into the glass without 
the water overflowing (Figure 9). 
 
Figure 9. Balls in the glass of water. 
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Sinking and floating: We drop a few balls made of different substances into a glass container filled with water 
(Figure 10). Some of them sink and some of them float. The behaviour of the balls can be controlled by adding table 
salt into the water. 
 
Figure 10. Balls in water. 
Magnetic characteristics of substances: We place a permanent magnet near balls made of different substances. 
The magnet draws the balls made of ferromagnetic substances (Figure 11). 
 
 
Figure 11. Balls and a magnet. 
Colours: We divide balls into groups according to their colours. For a greater effect we can illuminate transparent 
balls with a torch. We can make up the visible spectrum of differently coloured balls. 
4.4. Documentation and reflection to produce design principles 
The stage of reflection is the final step in our design-based research and it generalizes the results of this research. 
It is problematic to test how effective the support of the formation of science concepts is. It is necessary to carry out 
a long-term study and case studies that may reveal to what extent children have the right preconceptions, which lead 
to the firm formation of concepts. Based on interviews with teachers and parents, as well as the observation of 
children during our play and games, we found a strong motivational effect. Therefore we assume that we can come 
to the following conclusions: 
x Simple experiments implemented in play and games can shape correct preconceptions of science concepts in pre-
school education. 
x Simple experiments implemented in play and games are suitable for the formation of correct preconceptions of 
science concepts in formal (in kindergarten) and also informal education (in family). 
These conclusions of our design-based research should be verified in further research and implemented in science 
teacher education (Trna, 2013). 
5. Conclusions and recommendations 
Through design-based research we discovered a set of four types of simple experiments with toys that are 
implemented in play and games. This combination of simple experiments in play and games can support the 
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formation of science concepts in pre-school formal and informal science education. We were able to develop simple 
experiments implemented in play and games for the formation of concepts associated with the characteristics of 
substances and natural laws.  
Specific products of our research are designed for practical application in education. Therefore, it is necessary to 
implement the established methods and tools into pre-school education. We are using our findings in the preparation 
of kindergarten teachers and we try to pass them on to parents. Cooperation with toy manufacturers might be 
interesting as well. 
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